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a b s t r a c t
Because of its geographic and economic position, the Western part of Europe and France is prone to
biological invasions. Among the aquatic species non-native to France, a high proportion of these species
are considered to be salt-tolerant. To verify this assumption, we compared the salinity tolerance of 18
native and non-native species in France in order to determinewhether the introduced non-native species
aremore salt-tolerant than thenativeones. Contrary toour expectations, our study shows thatbothnative
and non-native macroinvertebrate species from the same taxonomic group which had originated fromrustacea
astropoda
estern Europe
within Eurasia had very similar salinity tolerance. Our results show that species originate from outside
Eurasia (introduced by the ballast or drinking water on ships) were more salt tolerant than native from
France and non-native species originated from Eurasia. Thus, derivation of the acute test of the salinity
tolerance in native ranges may give good indications of their potential ability to survive during the
translocation by shipping from the area of origin to another area. Our approach does provide empirical
evidence for potential of non-native species to survive translocation in salinewater using standard, quick
s.and inexpensive protocol
ntroduction
Biological invasions pose one of the greatest threats to biodiver-
ity and ecosystem integrity globally. The introduction of aquatic
rganisms outside their native ranges has occurred intentionally
ecause of their economic importance (Welcome 1988), and unin-
entionally via ballastwater, through inter basinwater connections
Jazdzewski 1980; bij de Vaate et al. 2002), via aquarium trades
Chang et al. 2009), or as non-target species associated with inten-
ionally introduced ones (Hauer 1950). Global biotic exchange has
een dramatically accelerated by human activities and the spread
f non-native species combined with the local extinction of native
auna are leading to a homogenization of freshwater fauna on a
orldwide scale (Lövei 1997; LockwoodandMcKinney2001; Rahel
002; Beisel and Devin 2007).
The Western part of Europe seems to be highly sensitive to bio-
ogical invasions (Devin and Beisel 2008). With 9% of the world
hipping trafﬁc (Rodrigue et al. 2009), the economic position of
urope hence promotes the introduction of non-native species
bij de Vaate et al. 2002; van der Velde et al. 2002). The con-
∗ Corresponding author. Tel.: +33 (0)4 72 44 82 69; fax: +33 (0)4 72 43 15 23.
E-mail address: christophe.piscart@univ-lyon1.fr (C. Piscart).
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structions of canals connecting previously separated biogeographic
regions increased in the 18th century and during the next 200
years facilitated the range extensions of Ponto-Caspian macroin-
vertebrate species in Europe (Ricciardi and MacIsaac 2000; bij de
Vaate et al. 2002). The transport of large quantities of water in bal-
last tanks from one continent/biogeographical region to another
is also considered to be one of the most important sources of
intercontinental introduction (Ricciardi and Rasmussen 1998). The
regular movement of ships along transport routes represents a
repetitive invasion vector. As each ship carrying and discharg-
ing ballast water between ports and shipping has led to the
inoculation of numerous species (Carlton 1985; Gherardi et al.
2009) in foreign waters. Additionally, it was previously common
practice for commercial shipping to wash, empty and over-ﬁll
drinking water barrels in river and estuary ports allowing for
the transmission of inland aquatic species. Commercial shipping
is hence responsible for the introduction in Europe of the North
American Gammarus tigrinus (Hynes 1955), the New-Zealander
Hydrobiid snail Potamopyrgus antipodarum (Ponder 1988) and
the Chinese mitten crab Eriocheir sinensis (Holdich and Pöckl
2007).
In spite of the increased opportunities for the immigration of
non-native species, not all species are successful invaders and the
rate the success of invasions is very low (Williamson 1996). The
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ncertainty surrounding which exotic species become established
nd their respective impacts in a community has led Carlton and
eller (1993) to consider release of ballast organisms as “ecologi-
al roulette”. Thephysiological characteristicsofnon-native species
re important to the success of the translocation and establishment
n alternative hydrosystems (Ricciardi and Rasmussen 1998; Devin
nd Beisel 2007). Among the physiological characteristics needed,
high salinity tolerance may be necessary during the translocation
tage. A high salinity tolerance is indeed needed to survive dur-
ng ballast water exchanges between fresh water and sea water.
hile most of state now require oceanic exchange of ballast water
o reduce the number of freshwater species, not all ships com-
ly and incomplete ballast-water exchanges are common (Locke
t al. 1993). Efﬁciency of this method is ﬂuctuating and the pro-
ortions of exchange water are comprised between 39 and nearly
00% (Rigby and Hallegraeff 1994). Organisms with saline-tolerant
ife stages could survivewithan incompleteballast-water exchange
nd remain in the residualwater or tankbottomsediments (Carlton
985; Locke et al. 1993). In Europe, pollution over the last decade
as increased the ionic contents of large rivers allowing salt tol-
rant species to spread in new basins (Piscart et al. 2005a, 2006;
rabowski et al. 2009). Some non-native species are also known to
hrive in fresh waters (Ketelaars 2004). For example, a study along
salinity gradient (0.21–2.6 g L−1) of the Meurthe River showed an
mportant colonization by non-native species at the most salted
ites (Piscart et al. 2005b). However, this study could not distin-
uish the role of salinity tolerance compared to biotic interactions,
specially because of a lack of knowledge regarding the salinity
olerance of non-native species.
To address this question and as salinity tolerance is know to
e predicted by taxonomic identify, our analysis takes this into
ccount to: (1) compare the salinity tolerance of species native
nd not native to France for different taxonomic group and (2)
ocument the ecophysiological characteristics of species tested
nd their potential to be translocated to new regions via ballast
aters.
aterial and methods
ield collection
The sampling locationwasmainly located in the catchment area
f the Moselle River in North-Eastern France. In this area, collec-
ions of macroinvertebrate were made in May and June 2004. Sites
ere chosen because they are within close proximity to the lab-
ratory and minimize the transport time of samples. To include a
road range of invertebrates, collections were also made from the
ilaine and Aff River and several other streams located in Brittany
Western France) in September and October 2004. Electrical Con-
uctivity at 25 ◦C (EC) ranged from 0.38 to 3.09mScm−1 in all site
f the Moselle River area and from 0.32 to 0.38mScm−1 for sites
ocated in Brittany.
Animals were collected with a handnet swept through a variety
f habitats and kick sampling to made collection in coarse sub-
trates. In several deep sites, we used artiﬁcial substrates made of
ube-shaped plastic baskets (Ø of 2mm for the lower half mesh
ize and 2 cm for the upper half mesh size), with volumes of
L (0.2m×0.2m×0.2m) ﬁlled with pebbles and litter. The net
r artiﬁcial substrate contents were emptied into a white tray
here individuals were carefully removed and placed in river
ater.
To approximate natural conditions river water (2 L) collection
anks were maintained at a temperature less than 20 ◦C during the
ime of collection (2–3h) and macroinvertebrates were placed in
lastic trays with aerated river water in laboratory.a 41 (2011) 107–112
Laboratory experiments
Our approach was based on the protocol of Kefford et al. (2003)
which aims to conduct simple and quick tests on many species.
Survival of macroinvertebrates at various salinities was deter-
mined over 72h. Although this acute toxicity test overestimates
the chronic effects of salinity (Kefford et al. 2004), 72h LC50 val-
ues largely reﬂects the salinity sensitivity of macroinvertebrates
(Kefford et al. 2004; Horrigan et al. 2007). In the laboratory, species
were placedwithout food in plastic baskets. Three baskets, cylinder
shaped with a diameter of 8 cm with 4–5 individuals were used for
each species. Baskets were placed in plastic aquaria containing 4 L
of aerated water.
Water of the required salinity levels was prepared by dissolv-
ing Red Sea salt (Red Sea Pharmaceuticals, Haifa, Israel) in distilled
water. Red Sea salt provides awidely relevant ionic proportion sim-
ilar to seawater, which is sodium chloride dominated but where
calcium is relatively important as in most of river in Northeastern
France (Piscart et al. 2005a). Evaporation was checked and the tank
was topped up with water if necessary. Dissolved oxygen, tem-
perature and pH were monitored daily to conﬁrm their stability.
The salinity was measured in terms of EC (mScm−1), which was
also monitored daily to conﬁrm its stability. All EC measurements
were made with a calibrated EC meter (LF92, WTWTM, Weilheim,
Germany) and reported at 25 ◦C. All experiments were conducted
between 18 and 20 ◦C and 14:10h light:dark, a similar temperature
to that atwhich the animalswere collected.Most specieswere sub-
jected to 12 salinity treatments. For each species, two control treat-
ments including distilled water with Red Sea salt, giving an EC sim-
ilar to the EC of the river where animals were collected and water
from sampling site were used. Other treatments varied according
to the species tolerance with the aim of having a treatment with
>90% survivorship in control treatments and 100% mortality.
There were two exceptions, the crayﬁshes Orconectes limosus
and Astacus astacus forwhich it was impractical to collect sufﬁcient
numbers (>120) of individuals for full tests. For these species, we
adapted the ‘up-down’ test protocol of Kefford et al. (2003) to test
the rare species. In this version, we used 5 animals for 6 (for O.
limosus) and 9 (for A. astacus) salinity treatments. The 5 Crayﬁshes
for each treatment were held unconstrained in 4-L tanks without
control treatment.
For all species, survival was checked at 1, 24, 48 and 72h after
the start of the experiment and dead animals were removed from
the water. Mortality was deﬁned as no movement even after being
probed.
Statistical analysis
Standard logistic regression was ﬁtted to the tested species by
using the ‘Logit’ package of Statistica 7 (StatsoftTM, Tulsa, USA). The
response curve of a species describes the probability of the species
being alive, P, as a function of the measured EC.
Lethal concentration for 50 percent of the individual tested
(LC50) were calculated form the logit equation. For tests on rare
taxa, LC50 values were estimated from lines ﬁtted by eye. Depend-
ing on the salinity treatment information, LC50 were assumed to be
the midpoint of the surrounding available mortality values.
The statistical comparisons of groups were studied using mixed
model ANOVA of the General Linear Models module of StatisticaTM
with ‘taxonomic group’ and ‘type of species’ (i.e. non-native or
native) asﬁxed factors anda factor ‘areaof origin’ (i.e. continental or
extra-continental) as nested factor. Tukey’sHSD testswere used for
multiple comparisons. Kaplan–Meier functions were ﬁtted using
SPSS (SPSS Inc., Chicago, USA) to produce species sensitivity dis-
tributions that included all species including those with censored
LC50 values.
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Table 1
Number of individuals tested for each species and 72h LC50 values± SD expressed as electrical conductivity in mScm−1 and as salinity in g L−1. Salinity tolerances were
converted from the electrical conductivity via a calibration curve determined for the Red Sea salt mix: salinity (g L−1) = 0.7322× conductivity (mSmcm−1).
Group Species Original area Mode of transfer N LC50 LC50
mScm−1 g L−1
Amphipoda Echinogammarus berilloni Native – 139 28.3 ± 1.8 20.7 +1.3
Gammarus pulex Native – 180 17.5 ± 2.3 12.8 +1.7
Gammarus fossarum Native – 120 13.5 ± 1.9 9.9 +1.4
Gammarus roeseli South-eastern Europe Inland navigation 210 11.0 ± 1.4 8.1 +1.0
Gammarus tigrinus North America Shipping 165 40.5 ± 1.2 29.7 +0.9
Dikerogammarus villosus Ponto-caspian Inland navigation 195 26.6 ± 2.2 19.5 +1.6
Chelicorophium curvispinum Ponto-caspian Inland navigation 195 14.8 ± 2.0 10.8 +1.5
Decapoda Astacus astacusa Native – 45 46.0 33.7
Orconectes limosusa North America Deliberate transfer 18 46.9 34.3
Athyaephyra desmarestii Mediterranean basin Inland navigation 180 34.7 ± 1.9 25.4 +1.4
Isopoda Proasellus meridianus Native – 215 24.4 ± 1.7 17.9 +1.2
Asellus aquaticus Northern Europe Inland navigation 210 21.6 ± 2.2 15.8 +1.6
Turbellaria Dugesia polychroa Native – 180 11.6 ± 2.1 8.5 +1.5
Dugesia tigrina North America Aquarium plants 144 12.2 ± 1.5 8.9 +1.1
Gastropoda Bithynia tentaculata Native – 168 11.8 ± 2.2 8.6 +1.6
Theodoxus ﬂuviatilis Native – 225 20.0 ± 2.3 14.6 +1.7
– 180 6.5 ± 1.6 4.8 +1.2
Shipping 225 37.9 ± 1.9 27.8 +1.4
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Potamopyrgus antipodarum New Zealand
a Rare species that did not allowed the logistic regression to determine the 72h L
esults
For all species, survival in control waters was very high with
90% of survival and logistic regression where successfully ﬁtted
n data to compute the 72h LC50 values (Table 1, P<0.0001). Com-
uted 72h LC50 values for common species were ranged from
.5mScm−1 for Viviparus contectus to 40.5mScm−1 for G. tigrinus
Table 1). Non-modelled 72h LC50 for the rare decapod species
ere higher with 46.0mScm−1 for A. astacus and 46.9mScm−1 for
. limosus.
The species sensitivity distributions of 72h LC50 values showedhat native species are not consistently more sensitive than the
hole-non-native species (Fig. 1, Mantel-Cox Rank test P=0.248).
he mean salinity tolerance of the most tolerant native species
46.0mScm−1) was similar to the most tolerant non-native species
ig. 1. Kaplan–Meier function of the 72h LC50 values of native (dark line) and non-
ative species (dotted line) used in the laboratory test.Fig. 2. Mean 72h LC50 values (±SE) of native species (white bar), Eurasian non-
native species (black bar) and extra-continental non-native species (stripped bars).
Signiﬁcant changes of the salinity tolerance given by Tukey’s HSD test following the
mixed model ANOVA (see Table 2) are indicated for P<0.01 (*).
(46.9mScm−1). It can also be seen that of the species studied, the
Turbellaria and Gastropoda have lower salinity tolerances while
most crustaceans have higher salinity tolerances (Table 1).
If we consider the area of origin of the non-native species (e.g.
continental or extra-continental),we found that non-native species
that originated fromoutside theEurasian continentweremore salt-
tolerant than both native and Eurasian non-native species (Fig. 2
and Table 2, P=0.024). However, extra-continental species trans-
ferredwithout shipping (i.e. transfer deliberately orwith aquarium
trades) have a similar salinity tolerance to their native counterparts
(Table 1).
Discussion
Is salt tolerance homogeneous between and within taxonomic
groups?Overall the acute (72h) lethal salinity concentrations for 50
percent of the individual tested (72h LC50) ranged from 6.5 to
46.9mSmcm−1 depending on the species considered (the high-
Table 2
Results (F-test and P-values) ofmixedmodel ANOVA comparing themean 72h LC50
values of native, Eurasian and extra-continental non-native species.
Factor df F P
Taxonomic group 4 6.56 0.006
Species 1 1.85 0.201
Area of origin * type of species 1 9.99 0.009
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st tolerance observed corresponding to the salinity of sea water).
owever, as with previous studies (Kefford et al. 2003, 2005,
006; Dunlop et al. 2008), we observe that the salinity tolerance
f species greatly differs between taxonomic groups. Macro-
rustaceans tended to be more salt tolerant than Molluscs and
urbellaria. Even if we have to assume that the salinity toler-
nce of invertebrates are not sufﬁcient itself especially during
he establishment of non-native species, our results indicate that
acrocrustaceans have a higher ability to survive in ballast water
nd hence may be transported more easily by the intercontinen-
al shipping trafﬁc than other taxa. Our results are also congruent
ith the fact than in the Rhine River (i.e. one of the most invaded
ydrosystèmes of Europe), we observe 46% of macrocrustaceans or
alt tolerant molluscs among extra-continental non-native species
Leuven et al. 2009).
We also observed among the species studied differences
mong Macrocrustaceans, the decapods were very salt-tolerant
LC50≥46.0mSmcm−1) by comparison with amphipods which
omprise salt tolerant species such as the estuarine amphipod G.
igrinus (40.5mSmcm−1) and less tolerant species such as G. roe-
eli (11.0mSmcm−1). These results are congruent with previous
tudies on experimental salinity tolerance of macroinvertebrates
n Australia (Kefford et al. 2003, 2006; Dunlop et al. 2008), Russia
Berezina 2003) and South Africa (Kefford et al. 2005).
re there differences between native and non-native species in
rance?
Wedid not ﬁnd a strong difference in salinity tolerance between
on-native species and their native counterparts for Decapoda (i.e.
he most salt tolerant group), Isopoda and Turbellaria (i.e. the most
alt sensitive group). Amphipods non-native to continental Europe
ammarus roeseli, Chelicorophium curvispinum and Dikerogam-
arus villosushad similar salinity tolerances (11.0–26.6mSmcm−1,
espectively) to native Amphipod species Gammarus pulex, Gam-
arus fossarum and Echinogammarus berilloni (ranged from 13.5
o 28.3mSmcm−1). Although D. villosus is considered as salt tol-
rant, some native freshwater species such as E. berilloni are also
ble to survive at similar salinities (28.3mScm−1). This high salin-
ty is not surprising because the genus Echinogammarus is known
o hold many salt tolerant species, such as Echinogammarus ischnus
Witt et al. 1997; Santagata et al. 2008; Ellis and MacIsaac 2009).
he extra-continental non-native Amphipoda and Gastropoda are,
owever, much more salt tolerant than both their native and
ontinental non-native counterparts. The very high salinity toler-
nce of the amphipod G. tigrinus (40.5mSmcm−1) and the snail P.
ntipodarum (37.9mSmcm−1) have,with the decapods, the highest
alinity tolerances of species tested in our study. This high toler-
nce, essential to survive in ballast or drinking water spilled into
stuaries, might explains their establishment in European coasts
Lee and Bell 1999; Ricciardi and MacIsaac 2000; Niimi and Reid
003).
Despite the occurrence of chronic, sub-lethal (Kefford and
ugegoda 2005; Hassell et al. 2006) and indirect effects of salin-
ty, 72h LC50 values are directly correlated with the maximum
alinity at which a species inhabits (Kefford et al. 2004; Horrigan
t al. 2007). Therefore it is possible to use acute LC50 values of
pecies as indicator of their relative ability to inhabit sites of differ-
nt salinities. In the Meurthe River (Northeast of France), Piscart et
l. (2005b) found that the presence of non-native species (mainlyG.
igrinus and C. curvispinum) in themost salted sites (3.4mSmcm−1)
ut not at sites with lower salinity (0.3–1.8mSmcm−1). However,
ertainly several factors other than salinity may be involved. In
he case of G. tigrinus, its high salinity tolerances probably explain
ts establishment in the most salted sites as observed in many
revious studies (Pinkster et al. 1977; Gruszka 1999; Piscart eta 41 (2011) 107–112
al. 2007a, 2010; Grigorovich et al. 2008). Nevertheless, its estab-
lishment in the Meurthe River may have also been promoted by
the decrease of G. pulex and G. roeseli along the salinity gradi-
ent (Piscart et al. 2005b). The low densities of these species are
associated with deleterious environmental conditions (Piscart et
al. 2009) due to the salinization of the water, which have strongly
reduced their ability to compete with G. tigrinus. In the case of
C. curvispinum, these reasons failed to explain its establishment.
Firstly, C. curvispinum has a lower salinity tolerance than native
species and so, the environmental conditions are also deleterious
for thenon-native species. Secondly, theestablishmentofG. tigrinus
would increase the intraguild predation by this species. Finally, the
salinity of the Meurthe River promoted other non-native Bivalvia
(e.g. Corbicula sp. and Dreissena polymorpha) which directly com-
petewith C. curvispinum for food (Bachmann et al. 2001;Marguiller
1998). It is possible that, as for Gammarus species, C. curvispinum
colonization was made easier by the presence of an old Corbicula
and zebra mussel bed which both trapped sediments and biode-
posits, and enhanced substratum complexity at the microhabitat
scale (Seed 1996).
DevinandBeisel (2007) comparednon-nativeandnative species
of Gammarids and found that the salinity range at which their sur-
vival and reproduction was optimal discriminated between them.
This feature, however, is not speciﬁc to non-native species and
somenon-invasive species also present broad environmental toler-
ance. For example, G. duebeni exhibits a high euryhalinity (0–48‰,
Hynes 1955), and is not known as non-native. The proﬁle of suc-
cessful non-native species consists of a combination of features
that allow a species to disperse, establish and populate a recipi-
ent ecosystem. If a wide environmental tolerance contributes to
the spread of exotic species or, in extreme cases, is necessary for
them to travel, this parameter considered alone is not sufﬁcient to
make a species a potential invader.
A similarity of salinity conditions between donor and recipient
ecosystems is suspected to play a key role in the recent success of
invaders found in San Francisco Bay, the Baltic Sea and the North
American Great Lakes (MacIsaac et al. 2001). However, the same
authors found that salinity had changed little in the Great Lakes in
recent decades. Therefore, salinity cannot in isolation account for
the recent inﬂux of Ponto-Caspian invaders in these areas?
Are salinity tolerances of species tested in France enough to be
translocated via ballast waters?
Niimi andReid (2003) have found that salinity in residual ballast
discharges were around 25.5mScm−1 (18.1 g L−1). This threshold
could be use as a ﬁrst ﬁlter for organisms in ballast water. Among
native species, only the salinity tolerance of E. berilloni (20.7 g L−1)
seems sufﬁcient to survive in ballast waters with similar salinities.
E. berilloni is also known to be able to colonize the estuarine region
when estuarine species are absent (Bertrand 1943; Pinkster 1973)
and Vincent (1971) has shown that E. berilloni behaved normally
in more concentrated media, up to 80% sea water (approximately
26g L−1). This salinity tolerance should be sufﬁcient to allow the
survival of some individuals in ballast water. This species, which is
considered as invasive species in countries other than France may
hence be potentially able to survive in ballast waters.
Among non-native species, the relative low salinity tolerance of
G. roeseli (8.1 g L−1), previously measured by Piscart et al. (2007b)
at 9.2 g L−1, is congruent with its longitudinal distribution in rivers.
This ﬁnding is in agreement with Jazdzewski and Roux (1988) and
recently Grabowski et al. (2009) that have observed that G. roeseli
colonizes mainly the secondary tributaries and the middle part of
rivers (where salinity is low) insteadof themore salinedownstream
parts. Both its salinity tolerance and its distribution in rivers are not
congruent with a translocation by ballast waters.
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The low relative salinity tolerance measured for C. curvispinum
10.8 g L−1) is, however, surprising because this species is known to
olonize the downstream part of the river and the estuaries of its
rea of origin (thePonto-Caspianbasin) (Carausu1943) andaccord-
ng to Crawford (1937) the species is variable, adaptable and found
n salt, brackish and freshwater. However, several sub-species have
een described, including one freshwater adapted sub-species (C.
urvispinum var devium Wundsch). Hence a considerable physio-
ogical variability couldexist betweenpopulationsofC. curvispinum
rom various localities. Its adaptation to freshwater may be due to
he low salinity tolerance of the Baltic Sea population (Santagata et
l. 2008) and could also explain the low tolerance observed in the
opulation of the Meurthe River. If this hypothesis is correct, the
lost” of its salinity tolerance strongly reduce the probability of its
ransfer via ballast waters.
The Mediterranean shrimp Atyaephyra desmarestii have also a
igh salinity tolerance (25.4 g L−1) and it colonizes the downstream
art of the rivers until brackishwaters (Fidalgo andGerhardt 2002).
oth its salinity tolerance and its distribution in the rivers are in
ccordance with a potential translocation by ballast waters.
Finally, the high salinity tolerance of D. villosus (i.e. 19.5 g L−1)
s similar to results obtain by Bruijs et al. (2001) and Brooks et al.
2008) who found that D. villosus is able to regulate water perme-
bility and sodium inﬂux until a salinity concentration of 20g L−1
around 14.64mScm−1). Contrary to C. curvispinum, D. villosus also
riginated from the downstream parts of the Ponto-Caspian Rivers
Carausu 1943), seems to have maintained its salinity tolerance
ikely becauseof the lackof genetic bottleneck in this species during
he colonization (Wattier et al. 2007). The conservation of its salin-
ty tolerance may represent a great risk of transfer from Europe
o other continents. This risk is all the more important that pre-
ious Ponto-Caspian invaders with high salinity tolerance such as
. ischnus and D. polymorpha have already been established in the
aurentian Great Lake (Ellis and MacIsaac 2009).
To conclude, our study shows that native and non-native
acroinvertebrate species to France had near identicalmean salin-
ty tolerance. Surprisingly, for some species, we observed a lower
alinity tolerance in the non-native Eurasian brackish species com-
ared with their originated water ecosystem. These physiological
nd genetic differences are common in species in native range as
ompared to introduced ranges (e.g. Tsutsui et al. 2000; Kelly et al.
006), but the overall salinity tolerance appears to be consistent
n the tested species. We also clearly show that two non-native
pecies (G. tigrinus and P. antipodarum) that originated from out-
ide Eurasia and introduced by ballast or drinking water are much
ore salt tolerant than other non-native or native species. Our
esult also shows that among the species tested in France, one
ative (E. berilloni) and two non-native species (A. desmarestii and
. villosus) could have salinity tolerance enough to potentially sur-
ive in ballast waters. Thus, derivation of the acute test of the
alinity tolerance in native ranges may give good ﬁrst screen their
otential translocation from the area of origin to another area
n non-native ranges. Invasion biology is hence under pressure
o move from understanding to prediction, but this remains elu-
ive. Ideally, methods should be relatively straightforward and
ave some predictive power, with wide taxonomic and ecologi-
al applicability. In our example, we have shown some potential of
omparative salinity tolerance to achieve this, although other fac-
ors as temperature and dissolved oxygen or biotic constraints are
ikely to be important. Such measures are strictly empirical, not
heoretical models, and thus do not explain the reasons behind
ifferences (see Brooks et al. 2008). Determining salinity toler-
nce of taxa provides empirical evidence for one of the factors that
ake it possible for non-native species to have the potential for
ranslocation using standard, quick and inexpensive protocols. This
ay be developed to provide more precise predictions and morea 41 (2011) 107–112 111
efﬁcient targeting of resources in tackling damaging non-native
species.
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